Abstract-Localization has been one of the most highly re searched topics in wireless communications in the past decade.
I. INTRODUCTION
O NE of the major application area of wireless communi cations is localization of wireless nodes. Development of low cost and accurate localization system has been a prime research topic in the last few years. Previously localization systems were only used for military purposes e.g. aircraft detection\localization. With the advent of new technologies the applications of localization systems grew significantly. These may include logistics, military and surveillance applications [1] . Different algorithms and techniques are proposed by re searchers to improve the accuracy and decrease the complexity of localization systems [2] , [3] . Localization can be range based or it can be based on the angle of arrival (AoA) of the impinging signal. Two main techniques to estimate the range between nodes are time of arrival (ToA) that utilizes the delay required for the signal to propagate from one node to another and received signal strength (RSS) that is based on the power dissipation of the signal as it travel through the channel. For both of these techniques the localization problem can be solved using high complexity maximum likelihood techniques [4], [5] . A low complexity linear least squares (LLS) approach has also been proposed for ToA systems [6], its performance is analyzed and enhanced in [7] . The angle of arrival can be estimated using an array of antennas [8] or a rotating beam of radiation [9] , and techniques like mUltiple signal classification (MUSIC) [10] or estimation of signal parameters via rotational invariant techniques (ESPRIT) [11] are used for angle estimation. Localization can also be classed as non-cooperative [12] , in which only the anchor nodes (ANs) are used to localize target nodes (TNs) or cooperative [13] in which all the nodes are used for localization. Or it can be classed as centralized in which all the data is transferred and processed at a base station (BN), or distributed, in which the processing is done at node level.
Positioning using AoA, ToA or RSS, each have their own advantages and disadvantages. For example positioning with RSS is the cheapest and least complex form of localization, however the system suffers from performance issues in highly cluttered networks. Positioning via ToA shows good perfor mance, however in order to achieve this accuracy every node in the network must be equipped with a synchronized clock, which adds to the cost and complexity of the system. On the other hand, localization that utilizes the angle of the incoming signal performs well in small networks but the accuracy degrades significantly as the TNs moves away from the ANs.
Also in order to measure the angle of arrival of incoming, the nodes must be equipped with an array of antennas or a rotating directional antenna, which adds to the cost and size of the nodes. A new trend is to use all the available information, hence researchers are also working on hybrid systems, that combine two or more of these techniques to make one robust and accurate system.
Another trend is to use cooperation between TN s along with ANs. Cooperative localization shows much better per formance when compared to the non-cooperative schemes, however the TNs used in these networks must have substantial processing power. In [13] the author propose a cooperative scheme using metric multidimensional scaling (MDS). A non metric MDS approach is presented in [14] . Performance of location estimation via MDS is improved in [15] . (T)ij refers to the element at the ith row and jth column of matrix T. N ( /1, (2) denotes the normal distribution with mean /1 and variance u2.
If both range and angle measurements are available then TN coordinates can be estimated with only one AN. However to improve estimation accuracy more ANs can be introduced to the system. In [19] the author proposes a hybrid location system that utilizes both range and angle of the received signal.
However the system produces biased estimates and there is no cooperation between the TNs. In this section a hybrid AoA
ToA technique is developed. Then the x and y coordinate of the target node can be estimated as
(1) and (2) can be written in matrix form as 
B. Modified Hybrid Model
In order to reduce (3) to zero, (1) and (2) are modified by introducing an unbiasing constant. The modified version of (1) and (2) are as follows
where 0i is the unbiasing constant used in the ith observa tion. Its value is given by (a;ni)
In matrix form (4) and (5) (5), which is the contribution from the ANs. On the other hand (11) and (13) (7) is the contribution from the TNs. (10) to (13) can be extended to N TNs and can be written in matrix form as:
Xj -Xi On the other hand, let Djk and ajk be the measured distance and angle between lh and kth TN, which are given by (8) and (9) The LLS solution for the linear system is given by (15) where At is the Moore-Penrose pseudo inverse of A and is given by At = (A T A) -1 A T . Matrix At can be calculated directly without taking the pseudo inverse if the number of TNs and ANs are known i.e.
where 11 is a column matrix of ]1;[ N elements, the value of each element is given by IV] N . As can be seen the bias increases with the increase in noise variance of angle estimate. On the other hand the blue curve represents the bias when Oi is considered. Fig. 2 shows that the system is unbiased at all variances if 0; is taken in the model. LLS. The figure demonstrates that making the system unbiased has no dramatic effect on estimation accuracy when the noise variance is small, however as the noise variance increases the difference in estimation accuracy becomes significant.
IV. SIMULATION RESULTS

For
In Fig. 4 , the cooperative and non-cooperative hybrid AoA
ToA algorithms are compared. The performance in terms of the Avg. RMSE is compared while the variance in distance and angle estimates is increased. Fig. 4 shows that the cooperative model outperforms the non cooperative counterpart by a large margin.
In This is due to the fact that the angle noise variance is distance dependent and thus degrades the performance of the system when distance between nodes is larger.
V. CONCLUSION AND FUTURE WORK
In this paper we analyzed hybrid AoA-ToA model for localization. The model was made unbiased by the introduction of the unbiasing constant. Furthermore a cooperative hybrid AoA-ToA LLS solution was proposed. Through simulation it was shown that by the introduction of unbiasing constant, the bias of the system is reduced to zero. It was also shown through simulation that the cooperative model shows better performance than the non-cooperative model.
The solution proposed in this paper can be extended to par tial connectivity between TN-TN. Since the noise in the model is distance dependent, cooperation with nodes at large distance is not convenient as it degrades the overall performance of the system. Thus a new model can be proposed in which cooperation with only the nearby nodes is done. Furthermore the system can be extended to distributed model where the localization of all the TNs is not required.
